Mitochondria in muscle cell death.
Mitochondria, the main source of energy for eukaryotic cells through oxidative phosphorylation, also play a key role in the pathways to cell death. The mode of cell death may be influenced by the availability of ATP, and its very occurrence may critically depend on release of mitochondrial proteins like cytochrome c, apoptosis-inducing factor and possibly caspases 3 and 9. Ca2+-dependent onset of the permeability transition, caused by opening of a cyclosporin A-sensitive pore modulated by cyclophilin D, may play a major role in cell death through ATP depletion, disruption of Ca2+ homeostasis, and release of specific mitochondrial proteins. Dysregulation of Ca2+ homeostasis, proteolysis and a decreased ability to cope with oxidative stress are involved in the pathogenesis of Duchenne's muscular dystrophy downstream of the genetic lesion, and mitochondria appear as likely targets that may amplify the initial insult resulting in the irreversible events leading to cell demise. My colleagues and I are studying the permeability transition in skeletal muscle mitochondria, and we are validating bupivacaine in a short-term model of muscle cell toxicity involving mitochondrial depolarization and pore opening as early events. Specific goals for the future are to further define the role of mitochondria in muscle cell death, with particular emphasis on the role of the permeability transition pore and cyclophilin D, and to develop and test drugs able to affect its course in model systems in vitro and in the mdx mouse, an animal model of Duchenne's muscular dystrophy.